This paper describes a study that examines the influence of openended play in interactive play objects on social interaction and fun experience of children. We developed a prototype to examine whether children enjoy playing with simple intelligent objects. Children between 7 and 11 years old were asked to play with the objects in a free-play and pre-set game session. The study shows that children create a wide variety of games and practice many social skills when negotiating the rules of various games. Overall, children felt playing with the objects in the free-play sessions was more fun than in the pre-set sessions. The insights will be used to design the next version of our play concept.
INTRODUCTION
Children's play has been described as a good opportunity for children to explore the world and to practice new skills [7] . Play activities have been categorized in different ways depending on the description of the skills that children practice, for example, focusing on motor skills, cognitive development [7] or social development [3] . How children play is influenced by their surroundings, in terms of the materials and objects available, the built environment and whether other play mates are present.
In our work we explore how embedding sensor and actuator technology in products can stimulate children to practice physical and social skills [1] [10] . Based on our own work in diverse design projects and a literature review we selected five key issues for designing intelligent play objects for children in an earlier paper [10] : open-ended play, challenge, simplicity, social interaction, and feedback. In our present project on intelligent play objects we have created various concepts to explore the design space around these issues. For example, our concepts allow open-ended play, because they do not have a fixed game structure. Thus, children can create their own games, based on the simple behaviours embedded in the concepts. We examine how we can offer appropriate challenges, in relatively simple intelligent objects, so that children can quickly start playing. Most concepts are for multiple users so that children have to collaborate or compete when playing the games. The objects measure the children's behaviour, e.g. the amount of movement, and provide motivating feedback to be used in the games the children play. The importance of these design issues has also been mentioned in other lists of related design guidelines, such those for computer games design [5] . While the list of items is not novel in itself, the novelty of the work lies in the design research in the context of intelligent play objects. In the next section more details will be provided about related work, such as designs of games for social and or physical play. Few of the related projects and products found apply an open-ended play philosophy. Also, only limited research was found on how children play open-ended play games.
In this paper we describe a study on the relationship between open-ended play with interactive play objects and social interaction between children. The objects display simple behaviour that is triggered by children's interaction. Furthermore, no predefined game goals have been linked to the objects to allow children to create their own games. We assume that such openended play will be fun for children, because it enables them to use their creativity to develop their own rules of play. Furthermore, we expect that ongoing negotiation of the games and rules will stimulate social interaction between children.
RELATED WORK
The design of social and physical games has much in common with other types of entertainment such as pervasive games and head-up games. Pervasive games bring the gaming experience from the world of computers towards the physical environment of the player, by wireless and location-based technologies [2] . An example of a game for adults is Can You See Me Now, which is played both online in a virtual city and on the streets of an actual Although interesting open-ended play concepts have been developed in these projects, the papers lack evaluations of the effects of these objects on fun and social interaction.
Overall, the findings of these projects about children's social interaction and play activities are promising. In our study we will examine the relationship between open-ended play and social interaction in a context with interactive play objects.
METHOD 3.1 Prototype
To explore the effects of open-ended play, a prototype play object was developed. The LEDball is a cylindrical object that emits red, green or blue light ( Figure 1 ). It changes colour depending on the children's behavior, either when shaken ('the Shaker'), or when rolled ('the Roller').
The LEDballs facilitate open-ended play, i.e. no specific game rules or goals have been implemented. 
Procedure and participants
During a test we observed children's behavior when playing with the LEDballs and recorded their experiences (see Figure 2 ). The test took place at a day-care center for elementary school children. Five groups of four children and one group of three children participated, from 7 to 11 years of age. Each group took part in two play sessions: an open-ended or free play condition -playing with the LEDballs for 15 minutes without explanations or constraints -and a game condition -playing a predefined game for 15 minutes. The goal of the game in the game condition was to make the LEDballs the same colour as fast as possible. The game was played in two teams that each chose a different colour. For each team one child was the runner and the other had to encourage the runner and determine the strategy. The first team that had all LEDballs in the same colour would score a point. The game provided opportunities for both collaboration and competition and children had different roles during the game.
After each play session, the children were asked to fill in a questionnaire consisting of five questions (with a 5-point scale) addressing enjoyment, understanding, cooperation with others and interest in playing the game again. After each session a group interview addressed the same issues to collect more detailed information about the children's experiences. All play sessions were video-taped and analyzed in terms of children's expressions of fun and social interaction. Two observers watched the videos of two free play sessions, scoring all the significant events, such as when new games were proposed, or when children tried to join a game. These events were then categorized and this categorization was used by one observer to annotate the other free-play videos.
RESULTS
In this section we present the findings on aspects of fun and social interaction. We will focus on the findings from the open-ended play sessions, but will compare the results with those from the game sessions whenever appropriate. We will provide scenarios as an illustration of how children played with the LEDballs.
Fun
General atmosphere. Almost all children were enthusiastic about playing with the LEDballs. The general atmosphere in almost all groups was very good and there was a lot of interaction between the children. In almost all groups children frequently laughed and yelled enthusiastically. All the children were excited when seeing the LEDballs and the light that they emit. They were curious as to how they could change the color of the LEDballs and had a hard time waiting until they could start playing. Almost all children felt it was a pity to stop playing after 15 minutes.
These observations were confirmed in the questionnaire and interviews. Many children indicated that what they liked best was the fact that you can devise your own games with it and they really liked the games that they played. They were interested in uncovering the LEDballs' behaviour. Less positive aspects mentioned were that the LEDballs were made of very hard materials and that children sometimes had to play on their own. The overall appreciation of playing with the prototypes was quite high: median scores of 5 and 4 the free-play sessions and the game sessions, respectively. Children rated playing in the freeplay sessions significantly higher than in the game sessions (Sign test, N=7, k=5, p<0,05).
Creating and developing a game
A. Jessica proposes to roll the LEDballs from one person to the next. The two other girls join in. Suzan explicitly mentions the rules of the game: you can't have two LEDballs at a time and you have to roll them to the right. Rachel invites Simon to join them, but he doesn't. For a while, the girls play the game very excitedly. Then Rachel once again invites Simon to join and he decides to accept the invitation. Suzan explains the rules again. At a certain moment Suzan proposes a variant: it is okay to have 3 LEDballs at the same time, but you're out when you have a LEDball for more then 10 seconds. They have a really good time, playing only one, but an increasingly difficult game.
B. The game starts when Janet approaches other children with the LEDballs in a threatening way. Paul decides to crawl after her and this is when Janet explicitly proposes the game: "Paul is a monster and we have stolen his lamps and he has to catch us". Patty decides to join the game. Janet now explains that the LEDballs are diamonds and she challenges the monster to get them. When playing the game, rules are added, such as at the wall you are free and you can only be at the wall for 10 seconds. Paul and Patty decide that the monster can stand up straight and walk faster when he catches diamonds and Paul demonstrates how he grows.
Creativity. Creativity is an important aspect of open-ended play:
when an object allows for creativity, children may consider it to be more fun and -more importantly -fun for a longer period of time. Both the interviews and observations revealed that the children were very creative in devising many different games in the open-ended play condition. We saw individual games, such as spinning the LEDbal, and rolling it to another side of the room, but also group games, such as rolling the LEDballs to each other across the floor and role-playing games (e.g. Figure 3 and 4).
Figure 4. Children playing with LEDballs in a free-play session
In some of the games the coloured feedback played an explicit role, while in others it did not. We also found that children were really creative in coping with challenge. Generally, we observed two different strategies for managing challenge: to make up a new game whenever a game starts to be boring or to add a more difficult or restrictive rule when a game starts to become boring.
LEDballs' role in Fun
The open-ended play approach provided children with sufficient opportunities to create their own games and different types and levels of challenge. While the coloured feedback often was not used explicitly in the games and rules, children used the coloured feedback implicitly in their gameplay. For example, continuing to spin or roll the LEDballs and watching the colours. Furthermore, they were able to create different types of games: both games related to 'fantasy play' and 'games with rules'.
Social interaction
Communication There was a lot of verbal communication in the free-play as well as in the game condition. Overall the children felt they had collaborated and talked a lot both in the free-play (median scores of 5 and 4, respectively) and in the pre-set game sessions (median score of 5 and 3, respectively). No significant differences were found between the two types of sessions in perceived amount of collaboration (Sign test, N=10, k=5, p>0.05) and talking (Sign test, N=10, k=6, p> 0.05).
The content of the communication was different in the two conditions, though. In the free-play condition verbal communication was mostly about which games the children would play, setting the rules of the games, and whether the rules were applied correctly or not, whereas in the game condition verbal communication mostly had an encouraging/motivating nature. In several situations communication about the rules of the games was done implicitly: the children understood what the game was about and would immediately start playing, without rules and goals being made explicit. In these instances part of the communication was in terms of reciprocal actions, without explicit reciprocal language [3] . In other instances reciprocal language and actions were combined. For example, one of the children shouted "let's play relay" and the other children immediately started running, handing over the LEDballs, even though the rules had not been made explicit.
Cooperation & competition Both in the game and in the free-play condition children cooperated very frequently. In the game condition, cooperation was 'obligatory': children played in teams.
In the free-play condition children could choose for themselves whether they wanted to play individually or in a group, although cooperation was stimulated since there usually were fewer LEDballs than children in a group. In most groups this was not a problem, since several children would start playing together. There was only one group in which everyone played individually, which left one child without a LEDball. This child then started to interrupt the others until he also got a LEDball. Competition was most strong in the game condition, again because we designed for it. In the games that the children made up themselves, competition played only a limited role. However, none of the groups kept scores and no one ever won one of the games.
Initiative & roles In many groups there was a clear 'leader' (sometimes more than one). The leader would determine which game would be played, propose new rules or evaluate new rules proposed by others, and act as a referee (e.g. see Figure 5 for an example scenario). The leader was always self-appointed. In some groups several of children knew each other quite well, and it would be very difficult for the other child(ren) to join this group, especially when it concerned single-gender groups. We observed different ways in which children tried to connect with a group already playing a game with the LEDballs. Sometimes children would ask permission to join explicitly or would be invited by one of the others. In other cases children would not ask permission explicitly, but just play along without saying anything, trying to catch the attention of the group by saying something or interfering using the LEDball. It would be up to the 'leader' to accept him/her playing along. Imitation was another implicit way to indicate that they want to join the group.
Division of roles
Three children, Kim, Mary and Jane, are playing in a group, while Pim is playing alone. During the game it becomes more and more obvious that there is a clear leader. Kim always decides on the rules of the game and determines the course of the game: who is out, when to start over again, etc. Mary also has a strong influence during the game; she often proposes new rules, indicates who is cheating and tries to convince Pim a couple of times to join in. However, she's not in the foreground as much as Kim is. Sometimes Jane also tries to propose a new game, but her proposals are never accepted by Kim. After having joined the three others in their games, Pim also proposes a new rule. His proposal is more implicit: he just starts a new variant and waits for the others to do the same.
LEDballs' role in social interaction LEDballs often were a topic or a source for social interaction between children: sometimes children would show each other what they could do with the LEDballs, their special effects, and they often would talk about it. LEDballs were also a means to join another group of children. The open-endedness allowed children to decide whether to create a competitive or a collaborative game. It also provided opportunities for many reciprocal activities, such as making suggestions, negotiating, for offering and accepting objects and for seeking or giving approval of game rules.
CONCLUSIONS AND DISCUSSION
We described a study to examine the influence of open-ended play with intelligent objects on social interaction and fun of children. Overall, the study has shown that children liked playing in the free-play sessions more than in the pre-set game sessions. They were able to create diverse games with interactive objects with only relatively simple behaviours and without pre-defined game goals. The children often used the feedback provided implicitly in their games. Furthermore, they were able to come up with different levels for their games, thus adapting their games to increase the challenge. They did not create very complex games. For example, they did not create games for which diverse strategies could be created. Most challenges were created in terms of physical games, e.g. run faster, role the LEDballs faster, etc. Interestingly, the provided game is much more complex than the games created by the children. Furthermore, open-ended play with these objects created many opportunities to practice social behaviours such as imitating each other, asking questions, negotiating, solving problems and the creation of shared stories.
Future work will consist of developing the next iteration of prototypes. We will explore how to extend opportunities for children to create interesting games. For example, we will create objects that can communicate with each other, e.g. one object sharing it's feedback with another object. Some of the research questions to be addressed in our research are: How will simple communication between the prototypes influence the kinds of games and challenges that children create? Will children create more complex games when playing with the prototypes for a longer period of time? This study provides some preliminary pointers that open-ended play can be a good design philosophy for interactive play objects. While the influence of other design options has to be explored further these insights can motivate design researchers to incorporate open-ended play in their concepts and products.
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